Differential effects of diltiazem and nitroglycerin on cytosolic Ca2+ concentration and on force in the bovine ophthalmic artery.
To determine the mechanisms of inhibition by diltiazem (Dil) and nitroglycerin (NG) of the contraction induced by serotonin (5-HT) in the ophthalmic artery. Using front-surface fluorometry of fura-2 and the medial strips of the bovine ophthalmic artery, [Ca2+]i and force were monitored simultaneously. Changes in the force at a constant [Ca2+]i were determined by use of receptor-coupled membrane permeabilization with alpha-toxin. In the presence of extracellular Ca2+, 5-HT (10(-5) M) induced an initial transient and subsequently lower steady state elevation of [Ca2+]i. The transient elevation of [Ca2+]i was dependent on both intracellular and extracellular [Ca2+]i, whereas the steady state elevation was dependent on only extracellular Ca2+. For a given level of elevation of [Ca2+]i, 5-HT produced a greater force than the depolarization with high external K+ (118 mM) solution. In the permeabilized ophthalmic artery smooth muscle, 5-HT enhanced the contractile response to constant cytosolic Ca2+ (pCa 6.5) in the presence of guanosine triphosphate (GTP, 10 microM), but not in its absence. Therefore, 5-HT induces [Ca2+]i elevation, depending on both extracellular (Ca2+ influx) and intracellular Ca2+ (Ca2+ release), and it potentiates the Ca2+ sensitivity of the contractile apparatus through the activation of G-proteins. 5-HT-induced release of Ca2+ from the store was inhibited by NG, but not by Dil, in a concentration-dependent manner. However, neither NG nor Dil inhibited caffeine (20 mM)-induced release of Ca2+ from the store. Dil (10 microM) and NG (10 microM) inhibited in a concentration-dependent manner the steady state elevations of [Ca2+]i (Ca2+ influx) and force induced by 5-HT (10 microM) in the presence of extracellular Ca2+. Dil equally inhibited the steady state elevations of [Ca2+]i and force induced by 5-HT, whereas NG inhibited the force to a greater extent than expected from the reduction in [Ca2+]i. In the permeabilized ophthalmic artery smooth muscle, NG (10 microM), but not Dil (10 microM), decreased the force development induced by GTP (10 microM) and 5-HT (10 microM) at constant [Ca2+]i (pCa 6.5). These results indicate that NG, but not Dil, decreases the Ca2+ sensitivity of contractile apparatus. The authors found that 5-HT contracts the ophthalmic artery smooth muscle by the elevation of [Ca2+]i mediated by the release of intracellular Ca2+ and the influx of extracellular Ca2+, as well as by an increase in the Ca2+ sensitivity of the contractile apparatus through the activation of G-proteins, and that Dil relaxes 5-HT-mediated contraction of ophthalmic artery primarily by inhibiting the Ca2+ influx and, hence, by decreasing [Ca2+]i without having any effect on the Ca2+ sensitivity of the contractile apparatus. Nitroglycerin relaxes the ophthalmic artery not only by decreasing [Ca2+]i (inhibition of both the Ca2+ release and Ca2+ influx) but also by decreasing the Ca2+ sensitivity of the contractile apparatus.